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PYJLICAL CHANGHE IN PHASE OF ACTIVITY OF THE SUPPRESS0OR-IIUT:TOR
CCHNTROLLING ZoE-SNT IN MATZE.

The nature and mode of action of cnntrolling elements in maize
A'\v
has been discussed in a number of nublications by the author and by
others, Two or nmore elements may operate as a unit in the control
of action of a specific gene, and each such set of interrelated
controlling elements forms a system. Each system, in turn, operates
quite indenendently of all others. Systems of controlling elements in
maige were originally discovered because the irdividual members within
each transposed from one location to another in the chromosoue
compie ent without los ng their identifying chamacteristics in the process.
By this mesns, it was possible to distinguish diffevent sys:ems of
controlling elements and the manuner by which each system opcrates in the
L\mQU)U‘-O )
control of gene action.JN Because of transposition of the comporent
. (N ) _ .

elements of 2 system, it wes likew+se vossible to examine the operation

of a particul=sr syst:m at a number of different gene loci and conversely,

to examine the operation of different systems at the s me gene locus,
Y

v

It should be emphasized, however, that although tronsrosition of
controlling elements in maize made it vpossible, origi ally, to recognize
their presence and their modes of operation, such tr-nscositicn need not

charact=rize the beh vior of all controlling elements, for it is known



th t a controlling element that h:d previously undergone transpositi . n
may becoue fixed in locostion in the chrowosone comzlecent.

Recent discovery of systems (0f "controlling elementsi}in bacteria

a7, 9

(Jacob, et al., 1960 a b) whoxe modes ofﬂaction resemble those of so:zie
systems already examined in maize, eases the task of discussing controlling
elements in maize. Ihe systems described by qacob,are composed of two
elements each. Une of them,called the ”operatorg is located adj cent
to the "structural gene'. The latter, when activated, is responsible
for the amino acid seguence of a specific protein whereas the former
serves to control the activation of the adj:cent "structural gene'.
Ine second element of the system, termed the '"regulator'", may be located
close to the "structurad gene” or it may be located elsewhere in the
baect-rial chro.uosone, It is responsible for the production of a
repressor substance, -- not a protein -—Jthat appe .rs in the cytoplasm.
The "operator'" elenent,responds to chan es in degree of effective action
of the repressor subst:nce by co:trolling the degree of activity of the
structural gene in accordance with such chan es. Bach system is hig ly

specific, for each operztes guite independently of all others.

The resemblance of the "operator-regulator" systems in bact:ria to



the systems of controlling elements in maize appears to be more than
coincidental. The "Operator" in bacteria may be homologized with

the controlling element in a system in maize that is located adjacent to

/ L
the "structural gene". The "nggggéﬂiw element in bacteria may be

homologized with the element of a system in maize th:t is indevendéntly

located in the chroosome complement. As in the bacteria, the element
altGed 028 wills e ¢

at the locus of the structural gene responds toN§$ by inducing modification.

of e action of the structural gene. In maize, the response of the

"operator" element to change in the effective action of the "

element may result in controlled t,ypes of mutation at the locus of the

AY AN

"structural gene", or’in some cases 1t may respond merely by turning on

> +

or turning off the action of the structur2l gene. That these two

apparently quite different types of effects popduced by the "op=rator"

w wpour 1o Akl "

are merely two aspects of the type of control of gene action by ai/mw#?

i

"operatoré" will be made evident in this report. It is probable‘that

A

the basic mechanism of action of controlling elements is alike in all

organisms, even though the responses of the structural gene to such

)
controls may appear to be guite diferse. It is expect:d thit the nature

of this basic mechanism will be revealed in further studies of the bacteria:

systems as it is possible to examine this with a greater degree of

precision, both at the chemical and th: geretic level than is usually



possible in many of the higher orgznisms.

*t is the purpose of this re-ort to consider a type of cor trol of

ot

gene action by a system in maize wkese—mede—ofaection resembles that of swe -
2 o N
reported oaeses in bacteria. An oper tor coatrolling element is present

at the locus of the gene 52 ( a2ssociated with production of anthocyanin

pigment in plant =and kernel) in the short arm of chromosore 5. Ihe

vl

independently located element of this system, cormp rable to the "rz=preseer

element, discussed above, has been designated Suppressor-mutztor and
symbolozed as Spm. this system was first discovered when the overator
was present at a gene locus associated with development of chlorovhyll and
Tocus was then designated ;H? for mutable luteus. Trnsposition of

the operator element to the locus of__g2 occurred in a plant having lgp.

o m-1

Following its i»sertion, the locus was designated a

> ag it was the
'\ )

-

first case of mutability arising at the g? locus in the “old Spring “arbor

cultures. D'ubseq_uently)’che operator element avpeard at the locus of

a kernel on the e%Elof

él in the long arm of chromosome 3 in,a plant in ahg ar~ culture

and the modified locus was designated gim_l. Recently, tge operator

was inserted at the Wx locus in the short arm of chromoscume 9 and it

first appeared in a kernel on the ear of a plant carrying gpm_l. Inis

case received the symbol EEP—B as 1t is the eighth case of i-stability



arising at the %Wx locus t
7

3prins fgrbor culture@é// It hos been possible, then, to examine the
mege—ef operation of the Egg_system at four different gene loci. It n=s
been det-rrined that the operator element, adjacent to the structural gene,
controls the ty e of action of the gene that will be expressed in the

presence of Spm and also the type that will be expressed in its absence,

Basically, the mode of operation of this system is the same at all four
(\\"“‘LxQC“‘" »"(Cﬂ’\\qbt)
gene loci (1u®, ggm_l, glm_l and Egm—S)
A

. The original isolate, in each

case, exhibited some degree of sene action in the absence of Spm and this

action remained the same in successive cell and plant generations as long

(T -2k bt
as Spm was absent. In the presence of Spm, however, gene action was
A
suppressed until a mutation-induci g event occurred. With each of the

original isolates, this ever] occurred in sore ce’ls, early in plant or
&\
kernel development, and there were two main corse uences of it: mutﬂzgpn'&
. . , ; - oy ,
diat Q}QMQ w Tuin QpT oA w T \IW\» luww\d@-ec@&!eueéC!)mﬁK
to aMastabie allele of the gene ooncerneg, or a modification, prob:ibly
affecting the operator element at the locus, that is reflected in
subse ruent cell and plant generations by altered responses of the locus
both in the presence and in the absence of Spm. In the past, the

latter modification has been termed"change in st-te" of the locus. In
]

the pr sence of Spm, the altered states are distinguished, one from the

—



other, by difference in the time of occurrence of mutation-inducing

events during development of a tissue, by the frequency of their

occurrence at any ove time, and by differences i» tyves of stzble alleles
that result from the mutation-irnducirg events. They are also distinguishe

one from the other, by the tyoe of gene action th=t occurs in the absence

of Spm’and among the wmany different states of alm—1 and azm—l that have

been isolat=d, a wide range is exhibhited in tyre and intensity of antho-

cyanin pigmnent in plant and kernel in the absence of 5pm, from no

nsr oM ) T (G p(mcc&g

pigment with one state to, near_pormad—ep—eauite normal A2 type pigment
Wt mlioun A Yer 0xe gy o' g .
production with others. All those states that respona to Spm by producing

AR

stable mutations are grouped under the heading of the class I states.

In addaition, a stitejdesignated class IIJhas arisen on several independent

occasions from the original state of azm_l. Inis state has been of

considerable significance in the study of controlling elevents in that its
behavior mimics that of sorme of the described gene control systems in

bacteria. In the abserce of Spm (or when it is vpresent but in its

m=1

inactive phase, see below) this state of 25 produces anthocyanin

v o ud) er\?l

pigment in »lant and kernel that te- ; gAtﬁ.thﬂt produced by the

A, locus before the operator element entered it. “hen Spm is present

[

and fully active, no anthocyanin is produced either in plant or kecrnel.



However, in contrast to the class I states, no gene mut-tions occur and
no evidence has been found of removal of the operator from the locus by
transposition, as occurs weth the class I states. This statement is

based on an analysis of the class II state in hundreds of vlants and

Wuws.

through 7 successive plant generatinns. €he stote appears to be quite

A

stable. The =2ction of the AQ gene is "turred on" in the 2bsence of Spm
whon & o fudd A ue

and "turned off" im—3%s presenté, It cannot be aruged successfully that

A 1

the "turning off" of gene action, that is, the absence of pigment in
and. 05k Ul
rlant and kernel when Spm is present, occurs at the level of the gene and
" nevertheless
under the direct control of the operator. i+t is clear, kmweE¥Ex, th:t

the operator is necessary for theé observed effect as no "turrning off" of

W wdd Gy

gene action occurs in the presence of Spm when an—unmodified A? locus 1is

present. JThehhe normal A, locus is present, 214 also an active Spm element

2

the plants and kernels are fully pigmented.
The behavior of the sSpm ele ent likewise hes been examined in detail.

It undergoes mutation, transoosition, and cyckically occurring change in
posdi—0? ot do e,
phase of activity, th=t ﬁq,4£n+ﬁv€‘t0 inmntiyfreﬁé—;wﬁauuLim_aciinex
. A
%%vaA

Yome of the mutatiunsdresult in a weakening of its capacity to induce

mutation with the class 1 st tes without inducirg a correspondirg

weakening of its suppressive action.




Others result in a weaktning both of its cavacity to su;press _ene
action and its capacity to induce mutation with the cluss I states.
“ome of thémﬁut%nts are nighly st=ble whereas others are quite unst-bvle,

- g Mniig dodefppagt

w2 return to full Spm expression occurrkng-ln some so .zdtic cells in

b, i
ap =] of— plant gﬁpkernel. Illustrations of these mu mt

P

W&&, -
tyres are shewn in figure 2, +oseVeral different meth~ds have becn used
to examine transpositicon of Spm and these are reviewed elsewh:re
(MeVli~tock, 1956} . It hus been learéned th t different isolates of Spm
undergo transposition at different tires in nlant develonment. Une
isolate, extensively examined through three successive plant cenerations,
undergoes transposition early in plant development. VUther isolates,
on the other hand, may rarely undergo traonspositi ., either during =i
edoopghic o ,Uz?o
210 development 2till other isolates may undergo

transposition only late in vlant development. It has been le<rned
thot 2 change from 2 fu.ly active Spm to one that is weakly =active, or the
reverse, arises as the conseuence of a si gle (mutational) event affecting
Spm Btself. 1t is not yet known, however, whether a mutational event
is responsible for the expressed differences in time of occurrence of

7
transpositicn of S5pm during nlant development and the frejuency of this

Fal

at any one time,



O

ihe third mentioned modification of opm rel-tes to its alternatinge

cycles of activity within a plant and a description of this will be the
main subject of this renort. Tor exanple, a fully active 2um may be
introduced into a zygote. As the plant develops from t - is zygote, the
activty of Spm may beoturned off cowpletely in some cells, No evidernce
will be given of its presence in the descendent cells until, in some of
them, Spm activity is turned on azain. The presence of Sor will then be
made evident in the descendents of these lzatter cells. The duration of
any one phase of activity of ©®pm, -- either active or inactive -- may be
long in s me c-:ses, or short in others. In some cases, the dursatior of
one phase may extend over a number of plant generations where:s in others a

Auttpanury % dluning Tup dLvelef mguct o) Cun 2 icki bedieof [gudl
rather frequentXAalterations in ph=se of activity may occuar (ﬁﬂhen

‘ . m-1 m-1 . :
a class I state of either a, or a, is present, and =lso an Spm

Pwd el

with & long duration of its active phase, a wery—wegudsr paitern of

anthocyanin streaks in a non-pigmented background anpe rs in the nlant,

ond e odazadhy D g mutedipy . bopdliteasl :
4 The particular pattern, in any one c¢: £ the particular
A g QWA Qe

state th=:t is present in the plan%. If, however, the 3pm element

A

is undergoing freq ent change in its ph=se of activity during the

(e, Stath, Leof aud Vot o7 e

development of the plant, the pattern of anthocyanin distribution in th&j

‘ﬂndﬁﬁpplﬁnt may be exceedingly irregular. Pigment will arpear in those areas



c3’

WM@W nuudalipi - WWJ&
. Lfiu Qe A gyt LMW
of the plant in waich Spm is in its inactive vhase. Pigmented stre-ks in

.

a non-pigmented background will a= pear in those areas of the olant in

e

which ©pm is in its active phase. However, the patterns of pigmented
A

streaks in-a non-pigmented backereound —in these—Iatber areas may be
dubflowst areso

quite different w1th1nAthe same vlant. this is because no mutational

events will occur at either alm-l or azm-l until Spm enters its active

phase. If it enters this phase early in plant development, large
wiry powed e elaan T atilis

rigmented arens may appesr in a non-pigmented background. If, however,
A

it enters the active phase rather 1-te in develonment, only small pigmented

’V‘O"d,
streaks will appear in a non-pigmented background. ; 14 the
class II state of azm_l is present in a vplant, the distributin of rigmente

and noti-pigmentrd areas r=flect for each area, reg:rdless of its size, tth

varticular phase of activity of “pm that is present in the cells of the

7 iy 2" g,

area, In the non-pigmented areas, Spm is in its active phase and in

3
«ue

the nigmented areus, Spm is in its inactive phase. Often, within a lar

Conse

nonpigmented area, a number of similiar sized, uni ormly distributed
streaks tow a"*}w"% oW Cowrequonecy & wsag & %SMM! 7
pigmented AXEXR a“pear,A Aga;a, within a large pigmented area, a number
- Lo
of 31m11;rWQ17edwﬁunlformlv dlSuleutEd renRpismented AXEIXX may AUDEAT o

( ¢ 3
Auts Aot e iy i by 5

i Puch patterns of pigment distribution reflect t 4’and fr s ney of

Pua

eoeu¥rence any any one time'!ofi a—chanste in phase of medivity of 0“m7
\ = ¥

w%“é’ o tly
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from active to inuctive in the formrer examnle 4nd from inactive to active

in the latter example. *hus, the clnss II ssate of an—l has been

particularl - useful in examining cyclically occurring chancses in phase of

activity of Spm.

wdsly

the Spm e&eaeﬁﬁ whose cyclically occurring changes in phase of
activity hove been examined in considerable detail)was e one that was

present in a plant of. the—erisgirst——entture having the class Il state of

- W won  4stlpueel plest

D . Lis-Pbek=vior-hes—been-—Ffollowed throuch 7 successive enerati-ns
J “hehssan wer  esauwd O rgguatly
but11 tenglveli{sa only during the last 4 of these X cenerations. t
A

was loc ted in the siort arm of chrinosome 9 and was closely linked with

Vo fou”

¥he gene morker wx. ¥e cnaset of early occurring transgositi n orf tis Spm .
A

isol=2te hnyl y=t been detected,

number—of—roi=nts. However, it does transpose and the time of occurrence

of this anps:rs to he confined to iqgﬁ stazes in s oroohytic and garestophvt
A

developnent. The freguency of transpositi-n is not very nigh, ss will

A
Modl puoudnd

be iwdiocsted later,.

hisee moto T posaibo

Zefore considering the experimentnl reosvlts that s

dukect thy alBmating tlseds wr plared) tufmu‘@

hh*‘&*tytﬁ?s of ®pm, s-me men s ould be made of the earlier studies of .
n-1 m-1 ) g .
32 and al and of the reasons for the differences encountered in
control

eise of detection of the,syst m associated with e:ch. Study of a?m’(



—
b=

m-1

Gon \A/\\dﬁ,!)\"ﬁ(h).& o
was undertiken before th-t of 2y . Hewewer, Bo ode=r ovisenced ;

—_—

obtained of the rode of operation of the system that—was res onsible for

oo ot agelisd i o 26l a¥usdivy

m-1

control of gene action at a, At In contr st, progress in this recrect
was rel-tively rapid in the study of alm-l. The reasony for this )
gont¥ol in the two cases Woy WMedl oyl -

TN e

difference in ease of detection of the!system, beeawe—-elesr when it was

realized th~t the Spm ele ent in the original alm—l culture had a very

dunedi 40
longkactiveﬁiuxxxXxn phase wherens the “um ekement in the a?m-l cilltures
ooy
was underghing frequent chznge in phasg1during nlant develonment.
. in the two cul tures
vonfirmation of thede di“ferenced in behwvior of the °pm elene ts,was

\
Ry -

obtained through interchan e of Spm element$ bet.een the o, and 24

m-1

cultures’and also by isolation of JSpm derivatives within e ch culture

whose behavior was modified, either towaré stability of & phase of
‘ A

o o i) ] .
activity or towirds freguently chasnces in ohese of activity.
A
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Caenidt
BXPLUIFENT I e | MCHp000

..‘,ll./’l‘

sxperiments aimed at elucid-ting the veculiar behavior of Spm

commenced in the summer of 1956, utilizi:g for this purpose both the

m-1
2 [ ]

class I and c2ags Il states of a is revort will corcentr.te on

those studies that utilized the class Il stute and for rezsons outlined
Wao

above. In earli%@ studies of this cExss—FFt state, it hed—been lozmrned

that an agparenu&full 4, Cene exnression wo.1d appear in pbant and kernel

in the absence of Spm)and th=2t gene action would he suppressed in its

presence. However, pigmented nreas did appe r in plants and kernels h=ving
. Il- ~ . .
this state of a, 1 and Spm. It was also resdlized that,ln general the
areas

attern of such pigmented mxmxx reflected the number of Spm elements that
were present: the more Spm elerents that were present, the fewer and
smaller were the pigmented areas. Removal of oSpm from sone cells duri g
developrment by the transposition mechanism might h=ve been invoked to
account for the avpe-rance of the pigmeried areas. dowever, the pa terns
of pnigment distribution made it evident that removal of >pm by—$ransweositio
could not be responsible for nmany of the pigmented areas th-t apnezred.
Ihis was because within a fully picmented area, smaller nonpigmented areas

often
were,present and within some of these latter, in turn, pigmented streqks

owe oot Yo wen i ubedn papz'm.9§
appe=red. Tests that haww made it nossible to understan@dtdi%yphegeﬁena

-
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commenced in the summer of 1956 with vrogeny of plants in c.lture
numnber 7109, to be described below.
the plzanis in cuilture number 7109 originazted from viriegated kernels
(pigmented spots in a colorless background) on an e:zr of a plant that
hnd the following corstitution: a2m_l (class II st te) Bt/32 bt in

chronosomes 5, Wx +/wx Spm in chromoso..es 9, and one additional ©Spm not

linked to m rkers in either of these chr .mosomes. The silks of this

exzr h»d received nollen from a plant that was howosygous for 859 bt,
. 2 < . L m-1 - -
and X and had no ©pm. amorng the a5 ca rying class of kernels on the

ear, there weve fully piguented kernels and v-.riegated kernels, tuat is,
tiose that hod ssots of antiocyanin oiguent in 2 colorless background.
vormle of the v ricgated kernels showed oily s.ecks of pig ent and were

tho gt to have received both of the ~pm elesents that were gresent in th
female parent, ame Oth r had a number of lorger spots of Ligme:t and

the kernels showiiz this pastorn were thou_ht t. h:ve received crly ore
of the two ~pm elewent th t were present in the female parint. Plants
were grown from the two classcs of verie, ated k.rnels, 5 [rou kernels

of the first tyoe =znd 6 from k.rnels of the latter t. e. A number

K

or diffe ent tyres of test crosses were co .ducted with e ch 21 nte

vonfirm=tion was ob¢ ired froum th:se tesis of the preseace of two Srm

wlererts in the rlants derived from the former mentined t. e of



variegated ke-rnel znd of the presence »f orne Spm in e-ch of the six plants
derived from the lattir ty e of varie. . ted kernel. This re.ort will
consider mainly the tests th t were co-ductzd in successive years with pre=
progeny s.emming from three of these la.ter six pl-nts, that is, those that
arose from kernels th t snhowed many pigmented spots in a colorless
background. ‘he comstitution of these three planvus proved tu be as

m-1

follows: two plants were 25 Bt/a2 bt, .x +/wx spm (plincts 7109B-1 and

5-2) and one nlant (7109S-4) was a m-1 Bt/a2 bt, Wx/wx, and n-:d 1 opm |

2

not ¢ .r'ried in the snort arm of chro. oscue 9,

The avpearance of the kernels on ears :-roduced by the six 1lant

in culture 7109 B and ¢ {(that is, those that wexe considered-to haed one
opm im—e=seh/ when crossed recigroclly with plants homozyzous for a., bt, -
and #x and h2ving no spm, are entered in iLable 1. 4 cle rly expressed

1l : 1 ratio of f£:1ly pigme:ted k r els to k-rnels thit showed pignented

spots in a colorless background aspcozared on the ezrs produced by all

til ers of these pl=ants except th=t of tiller-1 of pl:nt J-1. However, a

pronounced de lation in favor of the pi;mented class appezxred arong the

Xe nels on the ear produced by the main stalk of plants 71095-1 and

7109V-3, and to a lesser exvent on this ear nroduced by plants 7109v-1
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and J-2. tiany of the kernels in the pigmented class were uniforusly =nd
deeply pigmented but in so. e ke-nels plzaced in tais class in the t:ble, the
intensity of glgment over the aleuro:e layer wis not unifornm. wightly
pilgmented arczs or even so.:e culorless are:s were present but sharply
defined borders between arens witn different —iguent intensities, or het een
pignented and nohpigumented arc:s were not usuzl. This gave the keinels a
diffusly-mottled apvp.arance \‘see photo, figure ) e At the tine of
obse vation of these kernels, no attempt was mnde to place in a separ .te
class those kernels exhibiting different grades of this diffusely-mottled
paenot pe as it was evident that this class graded int: the fully and
uniformly pigmented class. Subsejuent tests proved, however, th:t all of
the plants derived from the dilfusley-mottled kernels c¢ .rried an ~pm
elemient in them as did some of the plants derived from kernebs on t.ese

ears that were uniforiiy and deeply pigumented.



-y

16
‘the esr of tiller-1 of nlant 7109B-2 was self-pollin: ed. smong

the 367 Bt k= nels on the resulting ear only 23 were corpletely colorless,

Sixteen of tliese colorless kernels we-e WX and 7 were wx, mong the
Bt ) i
remal-ing 3&4Akernels, 87 were umniEfermiy deevly pigmented of w' ich 84 were
A

WX a2and 3 were wX. One Bt kernel exribited the diffuse-mottled phenotypq

oo, 256

and 1t was "x. 41l of the remai-ing,Bt kcrnels were variegated in that
rigmented soots appesred in a colorless hackeround. These k- rnels wewe
diviled, roughly, into three classes: thoce that showed only 2 few specks
of pigment, of which 11 we e /x and 20 were wx, thase that had a number of
lerger srots as well as so-e specks of nigment, of which 105 were ¥Wx and
42 were wx, and thoce thut exhibited some suite lerge pirment-d 2-e=s as
- 2%, - ,

well as a number of smaller vi mernted aers, of which64 were x and 14
were wX. Other crosses co duct-d with olants 7109B-1 and 7109B-2

QTQAML
th=t need not be outlined hcre,had indicated th t in both pl=aa$ts one Spm
was preecent and th:t it was locatced close to wx in chroioso e 9, Cn the
seglf-pollinited ear of the tiller of »nlant 7109B-2 the ratio of 84 x * 3
wx aong the uniformly xxxx ‘igrented kcrnels and of 180 ¥x to 76 wx 2mong
the variegmted class IRXEXRRXXNIXRXXREXREXXEXRXERXXKIXKEXXERXNKBEXXIRXEXNEX
¥AXIRZXXXBXEIXRREX wns in comformity with this placement of Symoe

in the summer of 1957, WQD&WQQQM&%W\

(—~ flants w re grown,under clture number 7308, from the uniformly
“\
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variegated Q&P
pigmented Bt, Wx class, from so e of the,kernels in the Bt, Jx and bt, wx
! A

classes and from 5 kernels in the colorless, bt, wx class. rlants
derived ‘row the Latter class of kernels were exrected to be houlozyso.s
for Py bt, and wx, and to c=2 ry Spm at a known loc tiun in chr some 9.
only two of the five plants survived. In voth of them, a sirzle opm
elenent was present}and subsejuent .ests indicated that it was loeated

close to wx in one ofirimoso.ie 9. ifhese two plants, 7308D-1 and D-2, were

extensively used as pollen parents in crosscs to plsnts ¢ .rrying not only

a
the class I1 stte of azm-l but also to plants carrying xk® class I
a1 m- , e . ) ; . . «
gdtate of 25 1. The behavior in subse juent genevations oi the Spm element .

X

in each of these two slants (see C and D of table 3) has contributed
much to an unders anding of cyclical changes in phase of activity of »spm, as
will be m:ide evicent later.

Becwuse hundreded of plants h.ve been tesuved to det:rmine wheth:=r or
not Spm was present in them, and if so, the phzuse of its activity in
diffe~ent parts of the same plant, it will not be feasible to give a
detnailed account of the results obtained from each such test. Therefore,
exarn:les will be chosen that will illustrate the n=ture of the tests that
wvere cuiducted with these plants and the conclusions th t may be drawn

from e:ch. Before doins so, the resder is advised to inspect tabhle 2
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which summ +izes the r-sults obt:ined from tests th:t were conducted
through successive gener=tions witi the Spm elesent that was present in
plant 7108B-1. This plant had one Spm element closely lirked with wx in
the short arm of chro.osome 9. The S»m elenent @as in its inzctive phase
in the cells that g ve rise t. the esr of the main stalk. Iuis was
indic:ted by the uniform distribution of anthocyanin pigmentation in the
main stalk of this plant and also by the pnenot pes of the kernels on the
exr it produced (table 1), However, the phenotypes of a few of the
kernels on this ear indic:ated that ~om was present in the cells that
contributed to this ear and that it had enteied its acti e phase very

e rly in development of a few of them, or had entercd the wctive phase
later in development in souie cells of other kernels. In the cells that
give rise to the enr on each of the three tillers of plant 7108B-1, sSpm
was in its z2cti e phase. This was made evident not only by the aope:rance
of these tillers, in that they exhibited streaks of anthocyanin »niguent

in a nonpigmented background, but also by the ratio of kernel types on

the e:rs produced by ezch (taple 1), The pollen of the main st«lk of
plant 7109B-1 was also used in making cross:s and it was made evident

from the types of kernels on the rosulting ears that sowe grains ¢ ried

Spm in 1t%s active phase whereas sowe others carried spm in its in:ctvive

phase.
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T=ble 2 included the tesults of tests o ly of tho:e progseny of
vlant 7109B-1 that cuarried Spm. A nunber of pro.eny »l:ints th:t did not
carry oSpm was also tested anc thie methods used to determine whether Spm
is absent in a plant or is prescent in its inactive phase will be
considered shortly. In t2is t:ble, the symbol "-" indicates that Spm
was inactive not only in the cells that g ve rise to the ear, but also in th
cells that gave rice to the aleurone layer in all k-rnels on the ear.
The symbol "va" (very delayed return to the active phase) indic tes that
spm was inacti e in the celils that gave rize to the e r and also in
tiiose thit gave rise to nesrly all of the kerrels on the e=rj; a return
to the =ctive phase was ceen only in s2:e parts of a few kernels on these
ears. The symbol #d" (delayed return to the scti e phase) iadic-tos that
the opm eleient was 1nactive in the ce 1ls that g ve rise to the e r, but
that 1t had changed to the zctive paase iun a number of kernels on the
ewr, being in its ac ive pumse iun some of them at the st rt 0 endosperm
develonuent. The symbol "+" i1d cates that Spm was in its active
phase in the cells that g ve rise to the ear, turning to its ii-ctive
piase in sowie cells during endospern develpprent. The symbol (+ =)
indicates that a pzrt of the ear arose from cells in which »pm was in its

active pnase whereas another p:rt arose from cells in which opm was in

its in:ctive phase. Jars of tiis tyne exhibited sharvly defined sectors



with Spm active in one sector and iiactive in the other. :

Table 2 reveals th.t the inactive phise of oSpm, present in the main

stalk of . lant T7109B-1, remained in tinis phise in the testeda sarts of

pl=nts over four successive plant generati ns, and exhibited the same

pattern of behavior in each gener-ti n. In plants h.viie this inactive
spm, return of it to the active phase was very much delayed. In general,
visual evidence of thils in the »lant w:s given oniy by tillers. In soue

tillers, the change of opm from inactive to active was exhibited by the
presence of nonpigmented sectors in an otherwise pigmented tiller, and
within some of these latter sectors, in turn, small pigmented stre=ks were
prresent.

In this study of alternating changes in phase of activity of Spm, a
numnber of tests were co. ducted to determine whether or not the presence of
an active ~pm in the same nucleus with an inactive spm would effect a change

2

in the l1att r. svidence obtaiied from tests of Uthis t..e indicate that the
active Spm does not initiate change in phase of the inctive opm nor does it
appe r to alter the durati.n of an inactive phase. One such test,
conducted with the inactive opm originally present in the main stalk of

plant 7109B-1, is recorded in A of table 2 under culture number 77804,

Lewr 1960, The plants in this culture arose from a9m-l carrying kernels
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m-1
2

on an e r of plant 7599B-4 (see Year 1958, Tatle 2 4) that was a
(class II) Bt/ a, bt, Wx +/wx Spm-inzctive in co .stitution when crossed by
a plant that was ho-ozygous for 85 bt, and wx, and that had an active Snm
1i ked with wx in ore chromosoie 9, The plants in culture 77804 grew

from k.rnels selected from tuis ear bewcuse ezch hsad receﬁved the in:ctive
Spm from the female parent (originally derived froi the main stalk of nlant
7109B-1) and the active opm eleient from the male parent (this opm
originally derived from tiller-1 of plant 7109b-2). tThe plant in B of
culture 7780 were derived from kernels th~t had received the active Som
from the male parent but no Svm from the female purent. As the t:ible
indic:tes, the in=mctive wpm, originally present in the main stalk of »l:nt
71098-1, a penred in the progney plants of culture 77804 and exnibited
guite the same behavior with respect to phase as it exhibited in the
ancestor »lants in which it was the only opm element that wus present.

The same Spm element that was in an inactive phaise in the main stalk
of plant 710958-1 was in an active phase in the cells that gave rise to the
exr of e:ch of the tillers of this plant (table 1). The activity phases
of tals opm in cells giving rise to ears in successive generati.ns of

plants are recorded in 3 of tivle 2, In the t-hle, the letter T (trans-

vositi n) before the plant number i dicates that tie plent carried this
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opm at a new locativn in the chroi.osorie co. plenient. The plants in B of
culture 7306 (fe.r 1957) were derived from the very few kernels on the ear
of tiller-1l that we e susgpected to have received more than one Som elenent
from the 7109B-1 parent plznt, the additional Svm h-ving arisen throuzh

the transpositi n mechsnism. the plants in culture 7560 (Le r 1958)

were derived ‘rom the recombirant class of kernels on the second ear of the
main stalk of plant 7306a-1. 4as indic:tud in a previous vublic2ti n
(licClintock, 1956) the shenotynic recoumbinant class may be a comzos.t of
individuals some of which recresent the true crossover class and otner of
which carry a trans-osed Spm elewent, and do not represent the true crossove
class. “t will be no:ed thot the bensvior of Spm derived from tiller-1

of plant 7109B-1, whether in its original loc:tion or transgosed, with
reg-rd to phase of zctivity in the ce ls that g ve rise to the teuted ears
in B of t:ble 2, is yuite different from that of the s .ze ®um element in an
inactive ‘hase, derived from the main sisalk of plant 7109b-1 and registered
in A of thnis table. Chiange from the active to the in:ctive phase occurred
in scme cells e~rly in plant development, but in many other varts of the
plant, such chenge was delayed, occurring i some cells only la.e in lant

developnent.
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oimilar types of test as those outlined above, we e co duct d with
théﬁpm carrying progeny of tiller-2 of plant 71098-1. opm was in its
active phase in the ce ls that gave rise to the e:r of this tiller.

Its beh.vior in succéssive gener=tions is recorded in C of table 2.

In general, its beh=vior was similsr to that in tiller-1. Unly two
comnments regard.ng this need be made here. xirstly, it may be ointed

out that tests of ©pm location in eight plunts derived Irom the
recombinant class, entered in cultures 7561, and 7562, fear 1958, did not
reveal a case of tr:nsposition among then. the second comment is
directed to the first ear of the wain séalk of »nlant 7561-4. The
constitution of t.is plant was azm-l (class 1II) Bt/a2 bt, ¥x Spm/wx +.

Ihe silks of the first ear of the main stilk of this plant received pollen
from a olant houiozygous for 25, bt, and wx, and in which no ©pm was
vresent. he resulting ezr was sectorial. opm was in its active ph=se
in all parts of tils ear except for a sector in the niddle of the ear in
wiiich no evidence of bpm was .,iven by any of the azm_l garrying Xernels

s s . . me- .
within it. nernels with ¢ 1 that were also Bt and WX znd having an

2
2
active Spm in them, derived "rom that p rt of thee r in w:.ich oSpm was

active, were sown in 1960 under culture number 7777+ and B. ily

i e - (5 =1 , - .
plgrented \&2 ) carrying kernels that were Bt and +x were sown under
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C and D of culture 7777. all of the .l=ants in culture 7777 ca.ried oom
in the . x chroumosoiie co-tributed by the female pa ent. However, it was
totally inacti e in all of tne cells that con ributed to e-ch of the tested
ears of . lants in C and Y of culture 7777 znd reraind in the in ciive
phase during develooment of all bt a very few kernels on these ezrs,
In the le ves of these slants, several small sectors were present in which
opm hnad changed from its inactive to itw zactive phase in the cell thzt
egxve rise to eich such sector. In most of the plan:s, the e small sectors
appe red only in tillers or in carts of the sus ort roots.of the main
st lk. Lt was obvious, ho evar, that the durztion of this particular
inacti e phase was lorg. In contr st to tinis the same Jpm ele ent in the
plants of A and B of culture 7777 was undergoing frejuent chunge in phase
of i1ts activity.

48 ment . srned earlier, the pollen talien frou the tassel produced by
the main stalk of :slant 7109B-1 contained soue graics in wo.ch ©pm was in
its inc:ctive phise and others in winich it w-s in its active phase. It is
presumed that the tassel was sectorial with reg:rd to rhase of sctivity of
PP, Tests of the hase of activity of ¥om in =rogeny nroduced by use of

tuis vodlen is given in o of table 2,
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In order to obtzin evidence of Spm activity in ceils that g ve rise
to the ears sumn rized in table 2, it was necess ry in wmaking the cross to
each er to use pollen from a »nlant huving a particul-r conbi stin of
markers., vith reg=rd to such marker, the tes .ed plants were of two main
typest: those that were homozygo.s for a5 and bt land also for soue other
m rzers thot need not be considered at t.is ti.e), and those that ¢ rried

m-1 ('t

in their chro »so e 5 a =lass I siaote of a, nree different class 1

< . m~-1 :
st tes selected for this vpur ose), or 3 class II sta e of ay , and 2lso

bt. ‘hese agm—l ca rying tester .lants were homozygous for wx and they had
no opn. ‘he tester plan:s, howmozygous for 25 and bt, werepf three main
typea: honiozygo.s for ix and haviig no Spm (tyve-1), hoiozyso s for wx and
having no Spm (type-2), and homnozygous for wx and carry.ng one Or more

Spm elei.ents e:ch in its active phase \type-3). nost of the latter

plants carried one Spm, linked with wx in o .e chroiosoie 9. ~ome had

two opm elements loc ted close to wx in each chro ouso..e 9 (designfted
Spm/Spm in the tables) or two Spm, one loc:ted close to wx in one

chromosoue 9 and the other located elgsewhere in the chromosone co.. lement
(design ted ®pm + Spm in the tables), the latter h vi.g been trans-osed

from a location close to wx to a new locutin. Bach ti»e of tester clant

served a purpose 1in examining spm beh .vior.



